Method for Protecting the Redistribution Layer on Wafers/Chips 



TECHNICAL FIELD 

[0001] The invention relates to a method for protecting the redistribution layer on 
wafers/chips, which preferably comprises a seed layer, a layer of copper situated on the seed 
layer, a nickel layer arranged thereon, and a gold layer covering the latter. 

BACKGROUND 

[0002] The production of a redistribution layer, which realizes an electrical connection 
between active structures and an associated bonding pad on a wafer or a 3D structure in the form 
of a compliant element, is relatively complicated and requires a plurality of photolithographic 
process steps. Thus, the wafer first has to be coated with a photoresist, which subsequently has to 
be exposed and developed. This is followed by coating with a metal layer, after which the 
photoresist is stripped. These process steps have to be repeated until the desired layer sequence is 
achieved. These process steps are represented in principle in a scheme below. 

[0003] Thus, in a method employed in practice at the present time, the necessary patterning 
of the gold layer is realized by means of a customary lithographic process. The redistribution 
layer is produced in this case in that, after the deposition of a seed layer and Cu/Ni layer situated 
thereon of the redistribution layer, the gold is deposited on the entire redistribution layer. The 
actual electrical conductor is in this case the Cu layer having the lowest electrical resistance. 

[0004] This method can be represented in summary as follows: 

a) Deposition of the seed layer 

b) EPR1 (epoxy photoresist 1): Coating and patterning (lithography step 1) 
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c) Reroute plating, production of the Cu/Ni layer sequence on the seed layer 

d) Coating of the reroute trace with Au 

e) EPR2 (epoxy photoresist 2): Coating and patterning (lithography step 2) 

f) (as required) selective etching of the Au layer (wet etching, CMP, or 
removal/stripping). 

[0005] In this case, the Ni layer serves as an adhesion layer for the Cu layer and the latter in 
turn serves as an adhesion layer for the Au covering layer. Since the Au layer itself cannot 
oxidize, it serves, on the one hand, as a secure adhesion layer for a solder material, in order for 
example to connect a 3D structure to a connection pad of a printed circuit board, which is usually 
composed of Cu, and, on the other hand, as a protective layer for the Cu layer situated 
underneath. In other words, the Cu layer is largely protected from corrosion by the Au layer. 

[0006] A particular disadvantage in the case where the redistribution layer is constructed 
with such a structure is the fact that the side edges of the redistribution layer are not protected at 
all against corrosion and oxidation. This means that the possibly laterally penetrating corrosion 
or advancing oxidation may ultimately lead locally to a destruction of the redistribution layer, 
thereby limiting the service life of the electronic component provided with such a redistribution 
layer. 

[0007] During front-end IC production, the Cu metallization is protected from oxidation 
during CMP (chemical mechanical polishing) by BTA (benzotriazole), and afterward by a liner 
(TiN) and an oxide. 

[0008] In the production of printed circuit boards (PCBs), the industry uses BTA or another 
organic layer in order to provide the printed circuit board with protection from oxidation prior to 



2003 P 51 167 



-2- 



soldering. Furthermore, the conductive tracks on a printed circuit board are comparatively thick 
and wide, with the result that corrosion problems are not especially significant in this case. 

[0009] The situation is different, however, in the case of redistribution layers on wafers or 
chips. In this case, the problem has hitherto been solved by encapsulating the redistribution 
layers through galvanic or electrical coating. However, this requires an additional lithography 
step, which increases the process complexity and costs. 

[0010] Another possibility for protecting the Cu layer consists in using the soldering process 
in order to enclose the Cu layer by means of a UBM (under bump metallization). In this case, the 
redistribution layer is completely encapsulated, although this is not suitable for long conductive 
tracks and, moreover, would lead to a significant increase in costs. 
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SUMMARY OF THE INVENTION 

[0011] In one aspect, the invention provides a method for protecting the redistribution layer 
on wafers without additional lithography steps and with cost-effectiveness. In the preferred 
embodiment, the wafer is provided with a redistribution layer that is covered on its entire surface 
with an organic protective layer. The protective layer protects the redistribution layer from 
corrosion and oxidation in that it produces a dense covering of the metal surface of the 
redistribution layer through chemical bonding. 

[0012] By means of this method, which can be realized in a particularly simple manner, an 
effective protection of the redistribution layer and, in particular, the Cu layer thereof is achieved 
without any further photolithography step. 

[0013] BTA (benzotriazole) Glicoat® (registered trademark of the company Shikoku 
Chemical Corp.) or Preventol® (registered trademark of the company Bayer Chemical) are 
preferably taken into consideration for the organic protective layer. 

[0014] In continuation of the invention, the protective layer is applied by spraying or by 
dipping the wafer/chip into a liquid reservoir. In the former case, the wafer should be preheated 
to approximately 30°C, whereas in the second case the temperature of the liquid reservoir should 
be approximately 30°C. 

[0015] In order to avoid any corrosion or oxidation beginnings, it is advantageous if the 
wafer is etched directly prior to coating with the organic protective layer. 
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[0016] A further refinement of the invention provides for the coating of the wafer to be 
renewed after the latter has been singulated and the singulated chips have been mounted on a 
carrier. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The invention will be explained in more detail below using an exemplary 
embodiment. In the associated drawings: 

[0018] Figure 1 shows a detail from a wafer with a compliant element after coating with a 
seed layer; 

[0019] Figure 2 shows the wafer according to Figure 1 with an EPR (electrophoretic resist) 
after a first photolithography and a redistribution layer between a bonding pad and the compliant 
element; 

[0020] Figure 3 shows the wafer according to Figure 2 after the partial removal of the Au 
layer; 

[0021] Figure 4 shows the wafer according to Figure 3 after the removal of the EPR and the 
stripping of the seed layer; 

[0022] Figure 5 shows the wafer coated over the whole area with an organic substance such 
as BTA, Glicoat® or Preventol®; and 

[0023] Figure 6 shows the wafer after the soldering operation. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0024] The making and using of the presently preferred embodiments are discussed in detail 
below. It should be appreciated, however, that the present invention provides many applicable 
inventive concepts that can be embodied in a wide variety of specific contexts. The specific 
embodiments discussed are merely illustrative of specific ways to make and use the invention, 
and do not limit the scope of the invention. 

[0025] The production of a redistribution layer 1 from a bonding pad 2 to a 3D structure 3 
on a wafer 4 is illustrated diagrammatically and only in essential steps in Figures 1 to 4. The 3D 
structure may be a compliant element serving to produce an electrical connection to a connection 
pad on a carrier element, e.g., a printed circuit board. 

[0026] In order to realize the redistribution layer, first an EPR1 mask 5 is produced on the 
wafer 4 by means of a lithography step, said mask 5 serving as a mask for the subsequent reroute 
plating (production of the redistribution layer). For this purpose, first a seed layer 6 is applied 
(Figure 1), which serves as an adhesion layer for the Cu layer 7 that is to be applied to said seed 
layer 6. For its part, the Cu layer 7 serves as an adhesion layer for the Ni layer 8 that is to be 
applied above it, said Ni layer 8 protecting the Cu layer 7 from corrosion. Finally, a Au layer 9 is 
applied on the Ni layer 8 (Figure 2) and, for its part, serves as a secure adhesion layer for a solder 
material. 

[0027] In order to prevent solder material from running down the 3D structure 3 during a 
later soldering operation, it is desired that the Au layer 9 be partially removed again from the 
redistribution layer 1, the Au layer 9 having to be preserved on the 3D structure 3 in order to be 
able to realize a soldering connection. For this purpose, as can be seen from Figure 3, a further 
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EPR2 mask 10 is produced for covering the upper region of the 3D structure 3 by means of a 
further photolithography step and the Au layer 9 is subsequently stripped. 

[0028] In order to complete the redistribution layer 1, the EPR1 mask 5 and EPR2 mask 10 
and also the seed layer 6 are finally stripped (Figure 4). 

[0029] As a result, it can be ascertained without difficulty that the Cu layer 7 is protected 
from above by the Ni layer 8 situated thereon, but not at the end faces/side edges 11. There is 
thus the risk of corrosion or oxidation of the Cu layer 7, which ultimately leads to an impairment 
of the electrical properties. 

[0030] In order to prevent this, the wafer 4 provided with the redistribution layer 1 is 
covered on its entire surface with an organic protective layer 12 (Figure 5), which protects the 
redistribution layer 1 from corrosion and oxidation in that it produces a dense covering of the 
metal surface of the redistribution layer through chemical bonding. 

[0031] BTA (benzotriazole), Glicoat® (registered trademark of the company Skikoku 
Chemical Corp.) or Preventol® (registered trademark of the company Bayer Chemical) may 
preferably be used for the organic protective layer. These materials may be applied in a very 
simple manner by spraying or by dipping the wafer/chip 4 into a liquid reservoir. In this case, the 
wafer or the liquid reservoir should be preheated to approximately 30°C. 

[0032] In order to avoid any corrosion or oxidation beginnings, the wafer 4 should be 
slightly incipiently etched directly prior to coating with the organic protective layer. In other 
words, it is desired that any oxide that may have formed on the Cu layer 7 be removed prior to 
applying the protective layer. 
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[0033] Figure 6 shows a detail from the wafer 4 provided with an organic protective layer 
after a soldering operation. The organic protective layer 12 present on the 3D structure 3 
vaporizes during the soldering operation, so that the solder material 13 adheres directly on the 
Au layer 9. 

[0034] Depending on the duration of the soldering operation and the heating of the 
redistribution layer 1, the organic protective layer 12 may also vaporize in the vicinity of the 
soldering connection 14, with the result that the end faces/side edges 1 1 of the redistribution 
layer 1 are unprotected in this region. 

[0035] In order to ensure a reliable protection here, it is possible to repeat the coating of the 
wafer 4 or of the chip with the organic material 12. 

[0036] Although the present invention and its advantages have been described in detail, it 
should be understood that various changes, substitutions and alterations can be made herein 
without departing from the spirit and scope of the invention as defined by the appended claims. 
Moreover, the scope of the present application is not intended to be limited to the particular 
embodiments of the process, machine, manufacture, composition of matter, means, methods and 
steps described in the specification. As one of ordinary skill in the art will readily appreciate 
from the disclosure of the present invention, processes, machines, manufacture, compositions of 
matter, means, methods, or steps, presently existing or later to be developed, that perform 
substantially the same function or achieve substantially the same result as the corresponding 
embodiments described herein may be utilized according to the present invention. Accordingly, 
the appended claims are intended to include within their scope such processes, machines, 
manufacture, compositions of matter, means, methods, or steps. 
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